Air at high barometric pressures produces a narcotic effect on man. The changes which first appear at 3 atmospheres pressure are expressed in alterations of behavior, slowed mental activity, and impaired neuromuscular coordination. These effects, although previously observed, have not been attributed to the direct action of air or of the component gases, oxygen, nitrogen3 and carbon dioxide.
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The time of exposure to the increased pressure varied from 1.5 to 5 hours including decompression time. The temperature of the air was 25°C.
and the relative humidity 50 per cent. Variations in temperature and humidity did not occur except for a period of 10 minutes during compression from 1 to 4 atmospheres and for a period of 2 minutes during decompression from 4 to 2.3 atmospheres.
The evaluation of the psychic changes was made on the basis of subjective and objective reactions of trained men engaged in animal experimentation. The usual procedures followed were cannulation of blood vessels, withdrawal of blood and cisternal fluid, collection of alveolar gas samples, and recording the blood pressure and oxygen consumption. Quantitative values have not been assigned to the changes, and their validity rests on the basis of a constant altered response of trained men when the air pressure was raised from I to 4 atmospheres.
OBSERVATIONS. The abnormal reactions were first felt at a pressure of 3 atmospheres.
At 4 atmospheres the members of the entire group were affected in a similar manner with differences only in the degree of intensity of the responses.
Emotional reactions.
As a pressure of 4 atmospheres was approached the individual was definitely aware of a feeling of stimulation, alertness and well-being-a definite euphoria. The mood was usually well controlled but occasionally expressed itself in laughter and loquacity.
VVith a greater effort of self-control, normal conduct could be maintained. Impairment of the higher mental processes. A slowing up of mental activity was a characteristic response. Visual, auditory, olfactory and tactile reception were not affected, but the response to these stimuli was delayed.
A limitation of the power of association and a tendency toward fixation of ideas had to be counteracted.
Recollection, consequently, required greater effort, and concentration was comparatively difficult. Frequent errors were made in arithmetical calculations and in the recording of data. One person had difficulty in telling time, confusing 43 minutes, for example, with 48 minutes.
In the recording of time a reading of 12:15 might be written as 1595.
The responses were those of mild stupor in which greater effort and more time were necessary for accuracy.
Impairment in neuromuscular control. Increased difficulty attended the measurement of liquids and the manipulation of burettes and pipettes. The turning of stopcocks in the wrong direction was frequent.
The impaired control of finer movements increased the breakage of glassware. The defect in coordination was essentially a past pointing or exaggeration of movement.
The impairment, however, became negligible if slower movements were made.
In a, single test at a pressure of 10 atmospheres (in another chamber) one member of the group felt a greatly increased numbness which amounted to partial stupefaction. A simple task, the palpation of the pulse of another worker, was accomplished only with extreme difficulty. Efficient neuromuscular response was abolished. That the changes increase in severity as the pressure is increased is shown by the responses at 3, 4, and JO atmospheres.
The retardment of mental activity is first felt at 3 atmospheres, becomes a slight handicap at 4 atmospheres, and at 10 atmospheres may render an individual helpless.
The altered responses occurred at the beginning of an exposure to increased pressure, and they did not change in intensity over periods of 3 hours. Irritability, fatigue and drowsiness were not present, but following decompression fatigue with a tendency to sleep was the usual reaction. Since this fatigue can be abolished by breathing oxygen during decompression, it is probably related to the presence of excess nitrogen possibly in the form of small bubbles. DISCUSSION. Nature of the changes. The altered responses in air at high barometric pressures can be produced also by a varietv of agents which depress the higher centers. Among these are alcohol, the inhalation anesthetics, i.e., ether, nitrous oxide, narcotic drugs, and conditions which lead to anoxemia. Thus the mental responses from decreased oxygen tension at normal barometric pressure (McFarland, 1932) , and at moderately high altitude (Barcroft, 1925) are similar to the responses at increased air pressures.
Since the severity of the reactions is related to the degree of pressure and ranges from slight impairment at 4 atmospheres to partial stupefaction at 10 atmospheres, it is inferred that a limiting pressure incompatible with human activity would be reached between 10 and 15 atmospheres pressure.
The consideration of the etiology of the responses associated with high air pressures brings into the discussion the effects of the increased tensions of oxygen and nitrogen.
The action of the increased partial pressure of oxygen. At 4 atmospheres the partial pressure of oxygen in the air (4 X 21 per cent) is 84 per cent of 1 atmosphere, and at 10 atmospheres of air is equivalent to 2.1 atmospheres of pure oxygen. The breathing of pure oxygen, however, at pressures of 1 to 4 atmospheres does not induce the psychic responses of air with corresponding or considerably lower oxygen tensions (Behnke, Johnson, Poppen and Motley, 1935) . Oxygen breathed for a period of several hours may disturb the coijrdination of finer movements, but euphoria is not present. In contrast with the effect of oxygen, the symptoms at high air pressures are immediate in their onset. The increased partial pressure of oxygen, therefore, cannot be a significant factor in the etiology of the changes.
The action of the increased partial pressure of nitrogen.4 If oxygen is excluded, then the atmospheric nitrogen can be considered as mainly responsible for the narcotic action of air at high pressures. Although nitrogen is chemically inert, the physical property which renders this gas analogous to narcotic substances is its high coefficient of solubility in lipoid matter. Ether and nitrous oxide which induce narcosis are also chemically inert substances. The Meyer-Overton law indicates that a definite relationship exists between the power of a narcotic (derivatives of the hydrocarbon series) and its "partition coefficient," or the ratio of the solubility in fat to the solubility in water. Although the MeyerOverton law was formulated with regard to the aliphatic narcotics, it is not unreasonable to assume that the high concentration of molecular nitrogen in the lipoids of the central nervous system decreases cell membrane permeability to produce the changes characteristic of air at high pressures.
The "partition coefficient" of ether is 4.3, that of nitrous oxide 1.89, and that of nitrogen 5.0. Nitrous oxide induces anesthesia when the concentration in the blood is 0.017 mol per liter, and ether acts in the same manner when its concentration is 0.003 mol per liter. At an air pressure of 10 atmospheres the molal concentration of nitrogen in the blood is 0.0043, and at a pressure of 40 atmospheres 0.017 mol or the equivalent of the anesthetic concentration of nitrous oxide. While the limiting pressure at which air is respirable has not been determined, it is believed that loss of consciousness might occur between 10 and 15 atmospheres pressure.
PRACTICAL CONSIDERATIONS.
An artificial gas mixture for divers is essential if operations at great depths (above 300 feet) are carried out, and for caisson workers if the exposure at and higher than 4 atmospheres be continued over long periods of time. Such a mixture, of course, should limit the oxygen concentration to that in the air at sea level, and in addition should provide a rapidly diffusible, sparingly soluble gas with a low "partition coefficient."
The last qualification is of the greatest importance since large quantities of gas dissolved in fat relative to the amou.nt dissolved in water increase the danger of bubble formation on decompression. Furthermore, if our hypothesis be correct, the psychic effects produced by a gas like nitrogen with its high solubility coefficient in fat, will be minimized.
SUMMARY AND CONCLUSIONS
Air at and higher than 3 atmospheres pressure exerts a narcotic effect on man with the characteristics of euphoria, retardment of the higher mental processes, and impaired neuromuscular coijrdination.
At 4 atmospheres these changes can be counteracted by increased effort, but at 10 atmospheres they amount to stupefaction with greatly impaired muscular activity.
The increased partial pressure of oxygen does not account for these changes. It is inferred that the atmospheric nitrogen is the etiologic BEHNKE, THOMSON AND MOTLEY factor, and . that it acts on the nervous system because of the high solubility coefficient of this gas in lipoid substances compared with that in water.
